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Introduction
The organization of collective action is extremely important for societies. A main reason is that many of the key problems societies face are public good problems. Let us consider two prominent examples. In many cases, solving environmental problems requires collective action, because environmental goods are often public goods. When environmental problems are international, such as the climate problem, national government interventions are not enough. What is needed is cooperation by large groups of people. This is also the basis for producing another, highly important public good: democracy. A functioning democracy requires that a large group of citizens does not only make use of their right to vote, but is also prepared to inform themselves about politically relevant issues and to participate in the process of democratic decision-making. Expressed in the terms of contemporary experimental research on public good provision, these kinds of problems concern large groups with a low marginal per capita return ( MPCR ) on contributions to the public good. There is a very large body of literature dealing with public good experiments. 1 But due to capacity limits (e.g., lab space and number of subjects available) and budget constraints, nearly all of these experiments are conducted with small groups and high MPCR . In this paper, we report a series of laboratory experiments with large groups of up to 100 subjects, in which the impact of an individual contribution is almost negligible. We provide the first systematic investigation of public good problems with large groups with low MPCR s based on a design that is comparable to that employed in the many previous experiments investigating small groups.
The first question we investigate is based on Mancur Olson's book "The logic of collective action", published in 1965. Mancur Olson's theory has had a decisive influence on the scientific understanding of the public good problem -not only in economics. His main hypothesis concerns large groups. In large, latent groups, the contribution that an individual can make to the public good is so small that it is hardly noticed by the other group members. Olson concludes that cooperative behavior in large groups is therefore not rational -not even for people with altruistic preferences. 2 Olson's conclusion is therefore: "The larger a group is, the farther it will fall short of obtaining an optimal supply of any collective good, and the less likely that it will act to obtain even a minimal amount of such a good. In short, the larger the group, the less it will further its common interest." (p. 36) In this paper, we report on the results of two experimental research projects. In the first project, we particularly focus on what we call the "Olson hypothesis": "Large groups with a very low MPCR close to zero are unlikely to provide the public good."
This hypothesis has far-reaching implications. It suggests, that problems of the kind mentioned above will be exceedingly difficult to solve, if not insurmountable. If Olson's logic of collective action holds, significant contributions to a public good are unlikely to occur in large groups.
We ask whether this hypothesis is correct and conduct experiments with large groups of 60 and 100 and very low MPCR s of 0.02 and 0.04. We develop a new connected-lab design, which allows running the experiment under laboratory conditions with subjects interacting simultaneously in real time. We find that the Olson hypothesis cannot be confirmed. Large groups of 60 or 100 members and with low MPCR are able to create a public good in the same way as small groups with high MPCR .
One may argue that experiments with small groups with rather high MPCR s of around 0.4 already provide a test of Olson's theory 3 . After all, theory predicts that any group with an MPCR smaller than one will not provide the public good. But, although experiments with small groups have shown that the Nash-equilibrium of no cooperation cannot be observed, this does not rule out that the Nash-equilibrium will be observed in large groups with low MPCR . The Olson hypothesis aims exactly at this combination of group size and MPCR value. In our view, this reflects the most common interpretation of Olson's work.
Two studies, namely by Isaac et al. (1994) and Diederich et al. (2016) , already consider public good games with large groups with 60 or more members. But their MPCR s of 0.30 and 0.75, respectively, are rather high. Diederich et al. (2016) explicitly compare the cooperation of small and large groups using an internet-based design. They find a positive group size effect. Larger groups reach higher degrees of efficiency. Although this is a very interesting finding (which is confirmed in this study), their experiment is not designed to test the Olson hypothesis because the MPCR is too high. Isaac et al. (1994) implemented one treatment in which seven groups of 40 faced a very low MPCR of 0.03. Six of these groups participated in a multiple-session design (in which the ten rounds were played over several days) and were incentivized by extra credits while one group participated in a single-session design (in which the ten rounds were played "over a relatively brief time span", p. 5) and was paid out in cash. The behavioral patterns observed by Isaac et al. (1994) for this treatment are generally in line with the patterns found in small groups: average first-round contributions are larger than zero and average contributions fall with repetition. 4 However, compared to treatments with equal group size but much higher MPCR s (0.30 or 0.75), they find a lower initial average contribution and a much faster decay of average contributions. In the one group with a single-session design, cooperation decreases to about 5% in round 5 and to 0% in the final 10th round. This latter observation seems to be in line with Olson's hypothesis, but is restricted to one group only. Furthermore, Schumacher et al. (2017) also use large groups (up to 32 subjects) but investigate a different research question. In their experiment, a subject could decide whether a good is provided that benefits himself or one other person but creates costs for a group of people. The size of this group is varied.
The second question we address in this paper is about the determinants of cooperation behavior of large groups: When does the organization of a collective interest succeed? The answer to this question is of eminent importance for modern societies, because it provides the basis for potential solutions for public good problems.
The results of our first project not only reveal that large groups are just as capable of providing public goods as small groups. They also show that with a given MPCR the group effect is positive 5 (i.e., the groups of 100 make higher average contributions than the groups of 60) and that very small changes in the MPCR (i.e., the reduction from 4 cents per Euro investment to 2 cents per Euro) have large negative effects on contributions. These findings suggest that neither the group size alone nor the MPCR alone determines the contribution behavior. Rather, it depends on the interaction of both variables.
In the second project we present, we derive a hypothesis, on how this interaction could look like. Based on the observations of the first project, we develop the thesis that the provision of public goods is driven by the salience of the mutual advantage of cooperation. 6 Our experimental findings suggest the MPCR -distance as a proxy for salience. The MPCR-distance is the difference between the MPCR used in the experiment and 1/ N , the minimum value of the MPCR necessary to create a public good problem. 7 The higher this distance, the more salient is the advantageousness of cooperative behavior. We successfully test this hypothesis in another series of experiments conducted in our second project.
Our MPCR-distance explanation is not to be understood as a substitute for existing theories, which for example explain why contributions in repeated public good experiments are declining ( Fischbacher and Gächter, 2010 ) . Rather, our explanation complements these theories as it accounts for the level of contributions. It describes the conditions under which the average level of contributions made by large groups is higher or lower, while Olson's theory suggests that contributions are always zero when the MPCR is negligible. Our experiments suggest that members of large groups need to recognize that it is more beneficial for everyone to cooperate in order to be willing to cooperate at all. This idea is of great social importance. It highlights that the benefits of cooperation need to become widely known in order to foster cooperation of large groups. We will return to this point in the discussion section.
The contribution of our paper is three-fold. First, we provide evidence that the Olson hypothesis does not hold. Second, we provide an explanation for observed behavior by identifying the salience of the mutual benefits of cooperation as a driver of cooperative behavior. Third, we provide a methodological contribution as we develop a new connected-lab design that allows experiments with large groups to be run under controlled conditions. In all our treatments student subjects interact simultaneously and are incentivized with cash. Therefore, our results can be directly compared to the large body of evidence from experiments conducted with small groups. 8 Our paper proceeds as follows. Section 2 introduces the design and the results of our experimental sessions run to test the Olson hypothesis. It also includes our conjecture on the specific interplay of MPCR and group size, which is based on these results. Section 3 presents the design and the results of our experimental sessions run to test this conjecture. Section 4 contains the discussion of our findings.
Experimental test of the Olson hypothesis

Design and procedure
Our design is based on the Voluntary Contribution Mechanism (VCM) introduced by . Let z i denote the initial endowment of group member i, b i the individual contribution to the provision of the public good, and α the return every group member receives if one monetary unit is invested in the production of the public good. The marginal return on the share of z i that is not invested in the public good is normalized to 1. Then α is identical to the MPCR of investments in the public good. If N is the number of group members, group member i' s payoff π i is
A cooperation problem arises if the following holds:
An individual investing one monetary unit in the public good receives a return of α. Since α < 1, not investing is more profitable than investing from the individual's point of view. The return of each monetary unit he keeps is equal to 1.
However, since α > 1/ N , investing is efficient from the group perspective. Clearly, the cooperation problem becomes more and more severe as α decreases, since the individual loss arising from contributing to the public good (1 -α) increases. 5 As it is the case in Diederich et al. (2016) . 6 Our notion of salience has some links to the burgeoning research field analyzing the salience phenomenon -starting with Bordalo et al. (2012a Bordalo et al. ( , 2012b . Our research differs, however, in that we do not create salience by proposing two options a subject has to choose from. In contrast, we analyze in between-subject public good games whether different combinations of MPCR and group size are more salient than others by attracting players' attention to the advantages of mutual cooperation. 7 This holds if the return on the private good is normalized to 1. 8 This differs from the design used by Isaac at al. (1994) and Diederich et al. (2016) in several ways. Most importantly, all sessions in Diederich et al. (2016) and most sessions in Isaac et al. (1994) are based on a multi-session design in which the experiment lasted over several days and in which the default of a subject's decision was set to zero-contribution when he or she did not participate in a round. Isaac at al. (1994, p. 5) state, "Unfortunately, the effective size of laboratory experiments has been limited by both the expense of subject payments and by the capacity constraints of existing laboratories". Therefore, for about 90% of their sessions they employ a multi-session design using extra-credit point incentives for volunteers from undergraduate microeconomic theory classes who sometimes took part in more than one session. Note: The table shows the parameters of the six treatments. In each treatment, we conducted eight sessions. Due to no-shows, in two sessions of 100-0.02 less than 100 subjects participated (98 and 99). In seven sessions of 100-0.04 we had less than 100 participants (89, 93, 93, 96, 96, 97, and 99) . The table also summarizes the average age of participants and the share of female participants.
Due to ( 1 ) the MPCR ( α) is bounded by 1/ N . In small groups, the value of the MPCR, therefore, has to be relatively high for a cooperation problem to arise, while this does not hold for large groups. 9 Running large-group laboratory experiments for our first project would have required a laboratory where 100 subjects could interact simultaneously. Given the limited capacity of seats in experimental laboratories, we set up a sufficiently large virtual lab by connecting four different laboratories in Germany via the Internet. In all treatments -except for one smallgroup condition -we employed the connected-lab design: in this design, all groups consisted of subjects located at the laboratories of the Universities of Bonn, Duisburg-Essen, Göttingen, and Magdeburg (see Fig. 1 ) who simultaneously decided on their individual contributions to the public good. The laboratory in Magdeburg coordinated all the sessions. We used zTree ( Fischbacher, 2007 ) for obtaining subjects' decisions and Skype for communicating between the laboratories. When entering the respective laboratory, subjects could see a (soundless) video conference of the four laboratories on a computer screen. Thus, each subject had the opportunity to verify that all laboratories were indeed connected and subjects were interacting simultaneously in real time. Subjects were not informed about the locations of the other laboratories.
In all the treatments employed to test the Olson hypothesis, a standard linear ten-round public good game with partnermatching was played. The payoff function corresponds to ( 1 ) in all treatments, with z i = 120 Euro cents in each of the ten rounds. We collected data for eight groups in each treatment, i.e. we have eight independent observations per treatment.
We conducted treatments with groups consisting of 8, 60, and 100 members (see Table 1 ). 10 Recall that due to ( 1 ), the MPCR is bounded by 1/ N , i.e. we cannot run all small-and large-group sessions with the same low MPCR . For groups of 8, we conducted two treatments with an MPCR of 0.25 to test if the connected-lab design has an impact on behavior. As in all connected-design treatments, in 8-0.25, the members of each group were equally distributed over the four labs (i.e., in this treatment there were two subjects in each lab) whereas in the control treatment without a connected-lab design, 8-0.25-L, the eight subjects played locally in each of the labs.
At the beginning of each experimental session, subjects received written instructions. 11 Before the start of the first round of the public good game, participants had to answer several questions concerning the payoff rules of the game in order to ensure that they had understood the game correctly. In all treatments, subjects were informed after each round about the amount they had kept, their own contribution, the average contribution to the public good of all group members 12 , their individual payoff from the public good, their individual earnings in the round just completed, and the cumulated earnings over all previous rounds. They knew that they would be re-matched with the same people in each round and that the experiment would be finished after ten rounds. After round 10, subjects were paid their earnings over all 10 rounds in cash and left.
The sessions lasted for about 90 min and the average earning was 15.23 Euros. Subjects were recruited via ORSEE ( Greiner, 2015 ) . A total of 2,840 different subjects participated in the six treatments and each subject participated in one session only. All sessions were run according to the same protocol.
Results
Impact of connected-lab design
In our first project, before testing the Olson hypothesis, we also study whether the connected-lab design has an impact on subjects' behavior using small groups. First, we find the behavior in treatments 8-0.25 and 8-0.25-L follows the same pattern of contribution decline that is typically found in ten-round public good experiments with small groups of N ≤ 10 and MPCR s ≥ 0.30 (cf. Footnote 1): on average, contributions start somewhere between 30% and 50% of the endowment and then decrease from round to round. In our treatments, average first-round contributions are 41.8% and 39.1% in 8-0.25 and 8-0.25-L, and decrease to 12.6% and 14.6%, respectively, with overall average cooperation rates of 26.9% and 26.1% ( Fig. 2  and Table 2 ). Second, we cannot reject the hypothesis that average contributions are unaffected by the treatment variation. We find no significant difference between local groups and groups in the virtual lab, neither regarding average contributions over all ten rounds nor concerning average contributions in each of the rounds. 13 From a methodological point of view, this finding is good news because it appears that the capacity of laboratories can be multiplied by connecting them virtually without inducing significant behavioral effects.
Testing the Olson hypothesis
The Olson hypothesis says that large groups with an MPCR close to zero are unlikely to provide the public good. In contrast, small groups with a much higher MPCR will be able to provide a considerable amount of it. In our experiment this would mean that average cooperation rates of large groups should not be significantly different from zero. Furthermore, the cooperation rates should be significantly smaller than those observed for small groups. We tested this hypothesis by using large groups of 60 and 100 subjects and very low MPCR s of 0.02 and 0.04 ( Table 1 ) . Treatment 8-0.25 served as the benchmark condition for cooperation in small groups with an MPCR that is 12.5 and 6.25 times higher than in the largegroup treatments.
In all large groups, we find considerable positive average first-round contributions -between 26.3% and 39.1% ( Table 2 ) , which are significantly larger than zero; see the OLS-regressions in online Table C1 of Appendix C, columns (9), (10), (12), 11 See Appendix B for instructions of treatment 100-0.02, as an example. 12 Subjects knew that they would only receive aggregate information about the behavior of other group members and therefore were not able to identify others' individual behavior.
13 p > 0.264 for comparing contributions in each of the 10 rounds and p = 0.685 for comparing overall contributions (two-sided Mann-Whitney U tests). and (13). Average contributions over all rounds are between 11.1% and 22.8%. Moreover, we observe a pattern of contribution decline similar to that in our small groups. Average contributions in round 10 are between 2.8% and 7.7%. 14 In particular, the dynamics in 60-0.04 and 100-0.04 are rather similar to those in 8-0.25 ( Fig. 3 and online Table C1 ). Average contributions in 100-0.04 do not differ significantly from those in 8-0.25 ( p = 0.208, n = 16, two-sided Mann-Whitney U test). 15 Our findings above clearly contradict the Olson hypothesis that large groups with an MPCR close to zero are unlikely to provide the public good.
We next analyze the group-size effect, i.e. the impact on cooperation of increasing group size from 60 to 100, while holding the MPCR constant. We also study the MPCR -effect, i.e. how increasing the MPCR from 0.02 to 0.04 affects cooperation at a given group size.
The group-size effect is positive, but moderate. Changing group size from 60 to 100 increases average contributions from 11.1% (20.2%) to 13.4% (22.8%) for an MPCR of 0.02 (0.04) (see Table 2 ). 16 Columns (1) and (2) of online Table C3 show OLS regression results, revealing that increasing group size pushes up contributions in round 1 significantly by 5.2 percent with an MPCR of 0.02 and by 4.0% with an MPCR of 0.04. With an MPCR of 0.02, contributions decay significantly faster in the larger group, though.
14 OLS-regressions reveal a quite similar decay across treatments of 3.1% of the endowment in 8-0.25 and between 2.3% and 3.5% in the large groups, again see online Table C1 of Appendix C. 15 online Table C2 of Appendix C contains the full set of treatment comparison tests for contributions of the first and the last period as well as for average contributions. 16 For a given MPCR , average contributions are (weakly) significantly lower in groups of 60 compared to groups of 100 ( p = 0.046 (0.093) for MPCR = 0.02 (0.04), two-sided Mann-Whitney U tests). Comparing contributions round by round yields (weakly) significant differences in seven rounds for an MPCR of 0.02 ( p ≤ 0.093). For an MPCR of 0.04 only two rounds differ significantly by group size ( p ≤ 0.093).
The MPCR -effect is positive and strong. Increasing the MPCR slightly from 0.02 to 0.04 leads to a highly significant increase in average contributions from 13.4% (11.1%) to 22.8% (20.2%) in groups of 100 (60) (see Table 2 ). 17 OLS-regressions in columns (3) and (4) of online Table C3 show that raising the MPCR increases contributions in round 1 significantly by 13.2% in groups of 60 and by 12.0% in groups of 100. In both cases, the larger MPCR is associated with a significantly faster decay of contributions.
While the positive MPCR effect is in line with the Olson hypothesis, the positive group-size effect seems to be counterintuitive in light of his argument. Moreover, it is not clear why small groups confronted with a high MPCR can achieve levels of cooperation similar to those of large groups confronted with very low MPCR s. The latter observation suggests that it is neither group size nor the value of MPCR alone that determines the level of cooperation, but a specific interplay of both.
The conjecture that the interplay of group size and MPCR is decisive for cooperation in public good experiments is also implied by previous research. Isaac and Walker (1988) observe that the impact of varying the MPCR (0.3 vs. 0.75) depends on the size of the group: it is much stronger for a group of 4 than for a group of 10. While the authors refer to average contributions, the effects are already identifiable in the first rounds. Another interesting observation made by the authors is that for a high MPCR of 0.75 the group-size effect is rather weak (and not significant), but very strong for a low MPCR of 0.3 (p. 191). 18 make a similar observation, which is replicated in Isaac et al. (1994) , who summarize their findings in stating that behavior in public good games "is influenced by a subtle interaction between group size and MPCR rather than simply the sheer magnitude of either" (p. 32). Gunnthorsdottir et al. (2007) find that for groups of 4 varying the MPCR (0.3, 0.5, and 0.75) has a positive but non-linear impact on contributions. Increasing the MPCR from 0.3 to 0.5 has a strong effect, while a further increase to 0.75 has a rather small effect. The differences between contributions already appear in the first round of the experiment. The authors argue that the increase in contributions can be explained by the fact that a higher MPCR makes it more effective to invest in the public good. 19 However, this explanation cannot account for the decreasing strength of the MPCR -effect. Nosenzo et al. (2015) report that varying the size of small groups has a rather strong effect on contributions for a low MPCR of 0.3, but no significant effect for a high MPCR of 0.75. 20 Diederich et al. (2016) found a significant but weak group-size effect for an MPCR of 0.3 and groups of 10, 40, and 100 members.
Finally, it should be emphasized that the behavior we observed in the large groups is in line with the theory of Fischbacher and Gächter (2010) . This theory explains the decay of contributions during the course of public good experiments by social learning of the subjects. In particular, "conditional cooperators" learn that other subjects invest less than they invest and react to this experience with a reduction of their own contributions. This interplay of heterogeneous preferences and social learning also seems to be at work in the groups with 100 and 60 subjects. Although the theory of Fischbacher and Gächter is supported by the large group experiments we have to realize that this theory is not able to explain the interaction of the MPCR and group size. For this, it needs a complementary theoretical explanation, which we develop in the next sections.
The interplay of MPCR and N: The MPCR-distance conjecture
Based on our findings from the first project, we provide a conjecture on how the MPCR and the group size might interact. This conjecture is different from the approaches suggested by previous research. We test it by running additional treatments that provide a more complex variation of group sizes N and MPCR s (see Section 3 ). The development of our conjecture and its experimental test is part of our second research project. Fig. 4 spans the N -MPCR space for representing the five connected-lab treatments conducted so far. The 1/ N curve reveals, for each group size, the minimal MPCR necessary to create a social dilemma situation. 21 For each treatment, the first number in the yellow label displays the average overall contributions in percent. Fig. 4 reveals two remarkable observations concerning the vertical distance between the MPCR and 1/ N, which we will call the MPCR -distance ( d ) in the following . The yellow labels display the average contributions followed by the d values. First, reducing the MPCR at a given N from 0.04 to 0.02 results in a decrease in average contributions -yet in a way that contributions are lowest when the MPCR -distance is smallest, i.e. at 60-0.02, where d = 0.003. Second, when this distance is comparatively large at 8-0.25 ( d = 0.125), i.e. when reducing N to 8 and increasing the MPCR to 0.25 at the same time, average cooperation is significantly higher than in the remaining treatments -with the exception of treatment 100-0.04, which has the largest value of d among the remaining treatments (online Table C2 ). Thus, our results suggest that increasing d has a positive but non-linear impact on contributions, which is also in line with the findings from the literature discussed in Section 2.2.2 . 17 These differences are significant at the one-percent level when comparing group averages between treatments ( p = 0.001, two-sided Mann-Whitney U tests). Comparing contributions round by round yields significant differences by MPCR in all rounds ( p ≤ 0.036 for N = 100 and p ≤ 0.005 for N = 60).
18 Efficiency concerns cannot explain this finding. For an MPCR of 0.3, the group payoff resulting from investing $1 each into the public good is $1.20 in a group of 4 and $3.00 in a group of 10. This increase in group size from 4 to 10 significantly increases the contributions observed in the experiment. For an MPCR of 0.75 the group payoff resulting from a $1-investment into the public good is $3 in a group of 4 and $7.50 in a group of 10. In this case, the increase in group size shows no significant impact on the average contribution. 19 In the sense that the total payment to all group members is higher per unit invested in the public good. 20 In later rounds of their experiment, increasing group size turns out to even negatively affect contributions for an MPCR of 0.75. 21 As we have normalized the return of an investment in the private asset in Eq.
(1) to p = 1 in our experiment. This explanation is based on the idea that people confronted with a social dilemma can only be expected to cooperate if group members are aware that it is to everyone's advantage if everyone cooperates (e.g., Fischbacher and Gächter, 2010 ) . That means the mutual benefits of cooperation should be salient to the members of the group. Consequently, the more salient the advantage of cooperation, the more subjects can be confident that group members have understood the social dilemma they are in and behave cooperatively.
We suggest that the MPCR -distance d , i.e. MPCR -1/ N , can be interpreted as a proxy for the salience of the fact that contributing to a public good is mutually beneficial. The MPCR and 1/ N are parameters of the payoff function, which all subjects are informed about. As long as the MPCR < 1/ N , investments in the public good are inefficient. If 1 > MPCR > 1/ N , the overall efficiency gains from an investment in the public good increases (for a given N ) in the MPCR . Thus, given our salience assumption, the higher d is, the more salient the fact is that cooperation is mutually beneficial. Furthermore, it seems plausible to assume that the positive effect of salience on cooperation rates is non-linear. As subjects become more aware of the mutual benefits of cooperation (due to a higher salience), the additional impact of salience on cooperation rates should decrease.
To develop an intuition for our hypothesis it is helpful to think of 1/ N not only as the minimal MPCR for a public good experiment, but also as a value that informs the group members about their relative weight in the group. The MPCR -distance d therefore is a measure for the difference between the MPCR -the amount a group member receives from investing one Eurocent into the public good -and the relative weight the respective group member has in the group with regard to group size (1/ N ). If the MPCR is much bigger than 1/ N , i.e., d is large, then the gains from cooperation are much higher than the impact the relative weight of the group member has and, thus, the more salient is the advantageousness of cooperative behavior to the subject. On the contrary, when d is small, the gains from cooperation do not appear to outweigh the relative impact the group member has on the group and, thus, cooperation declines.
Assuming that cooperation depends (among other things) on the salience of the cooperation advantage, which can be approximated by the MPCR -distance, we formulate the following conjecture:
MPCR-distance conjecture:
1. Increasing the MPCR -distance d has a positive effect on average contributions. 2. The higher the MPCR -distance d , the less impact an increase in d has on average contributions.
We assume our conjecture also holds for first-round contributions as average cooperation is rather well predicted by firstround behavior (e.g., Keser and van Winden, 20 0 0; Fischbacher and Gächter, 2010; Engel et al., 2014 ) . A test of our conjecture based on additional treatments that provide a more complex variation of the MPCR and group size N is reported in the next section. In particular, we investigate the extent to which the different explanations (including our own conjecture) can account for observed behavior. It should be mentioned explicitly that the MPCR -distance conjecture was developed after the large group experiments we reported so far, but before we designed the experiments introduced in Section 3 . In Section 4 we will discuss the salience measured by the MPCR -distance and sketch a real world cooperation problem it can be applied to.
Experimental test of the MPCR -distance conjecture
The interplay of N and MPCR in the previous literature
There are alternative explanations on the interplay between N and the MPCR mentioned in the literature so far. Isaac et al. (1994) propose an explanation for the phenomena described in the previous sections. As a "starting point for characterizing the joint importance of group size and MPCR " (p. 23) in their VCM environment the authors suggest that cooperation depends on the maximal advantage an efficient solution has over the Nash outcome.
Since the endowment z i is given and fixed, ( 2 ) is an affine transformation of N * MPCR (i.e., the total payoff resulting from one monetary unit invested in the public good). Referring to Isaac et al. (1994) , Davis and Holt (1993) discuss a = MPCR * N as an explanatory variable for contributions. This is the first alternative hypothesis for the interplay of the MPCR and N we will discuss. 22 Davis and Holt (1993) 23 also introduce the Minimal Profitable Coalition ( MPC ) as a second form of interaction between group size and the MPCR that might be able to explain the contributions in public good experiments (also see Holt and Laury, 2008 ) . The MPC is the minimal percentage of group members who must contribute to the public good such that contributing members have at least the same payoff compared to no one contributing. If the payoff from the private asset is normalized to 1 and m * MPCR = 1 then
Davis and Holt argue that cooperative behavior will be inversely related to the MPC . The higher the MPC , the more difficult it may be to build this coalition and the less promising it is to invest in the public good right from the start of the experiment. This highly plausible intuition cannot explain some of the above-mentioned results, though. For example, if for an MPCR of 0.75 the group size is increased from four to ten, this has been found to have only a small impact on contributions, although the MPC falls from 50% to 20%. 24 Davis and Holt at least implicitly assume that cooperation increases linearly with both the MPC and the marginal social benefit ( N * MPCR ). This is an important point. If we compare the MPCR -distance d with the MPC, we find that (1-MPC ) is the maximal share of non-cooperators that may exist in a group so that someone who cooperates earns at least as much as a non-cooperator. The main difference between our MPCR -distance conjecture and the MPC hypothesis is that it is plausible that the impact on contributions decreases in d , while it does not seem plausible that the impact on contributions decreases in MPC .
At this point, it should be noted that for the solution of real-world public good problems it could be very important whether cooperation behavior depends on the salience of the cooperation advantages proxied by the MPCR -distance or on the size of the MPC .
Experimental design and procedure
The test of our conjecture and its comparison to alternative explanations in the second project are based on the standard linear ten-round public good game with partner-matching described in Section 2.1 . The experimental procedure employed for the eight new treatments is identical. Over all 13 connected-lab treatments (including the five treatments from Section 2 ), we changed the MPCR from very low (0.02, 0.04) to higher values (0.06, 0.12, 0.25). Likewise, we modified N from large (100, 60) over medium (30, 40, 20) to small (8). Recall that due to ( 1 ), the MPCR is bounded by 1/ N , i.e. we could not conduct all treatments using the same (low) MPCR. Table 3 provides summary statistics for the additional treatments conducted in the second project. Fig. 5 displays all 13 connected-lab treatments in the N -MPCR space similar to Fig. 4 .
Overall, we report 14 treatments in this paper and collect data for eight groups (independent observations) per treatment. 25 In total, 5,160 different subjects participated in the experiments of both projects. Table 4 and Fig. 5 present the average contribution rates in rounds 1 and 10 as well as over all the rounds and MPCRdistances for all 13 connected-lab treatments.
Results
In all new treatments of the second project, we find average first-round contributions between 25.3% and 41.9% ( Table 4 ) , which are significantly larger than zero; see the OLS-regressions in online Table C1 of Appendix C, columns (3) to (8), (11), and (14). The overall average cooperation amounts to between 10.3% and 30.6%. Moreover, we observe a similar pattern of contribution decline as in the treatments run in the first project. Average contributions in round 10 are between 4.0% and 18.3%. 26 Fig. 6 and Fig. D1 in online Appendix D illustrates the cooperation patterns observed in the new treatments.
To get a first impression whether the MPCR -distance is a decisive explanatory variable for contributions, we compare contributions in 100-0.02 and 20-0.06. Although N and the MPCR differ by a factor of 5 and of 3, respectively, the MPCR -distance is the same in both treatments. Therefore, our conjecture would predict very similar contributions in both treatments. Fig. 6 demonstrates that this is indeed the case.
For the econometric analysis of our data we use the individual contributions as well as the group average to explain three dependent variables: first round contributions, average contributions, and last round contributions. These six regressions are run as OLS and as Tobit regressions yielding 12 different regressions. In each of these regressions we use 15 different models varying the explanatory variables N, the MPCR , the MPCR-distance d, MPC , and the efficiency measure a = MPC * N . All models are also run including a squared term of the explanatory variable to account for a non-linear influence on the dependent variable. In addition we include models with a term accounting for the distance of the MPCR-distance from 1/ N . We explain and discuss these models below. 27 To compare the different models directly we use the AIC (Akaike Information Criterion) and the BIC (Bayes Information Criterion). BIC differs from AIC insofar as it "punishes" additional parameters more strongly. An improvement in model fit is experiments. For example, as we have shown in Section 2 , in a group of 100 it is nearly impossible to send a signal to the other players, although the cooperation patterns in those groups were the same as those in groups of 8 subjects.
23 With a reference to Isaac et al (1994) . 24 Both a and MPC usually suggest the same ordering of contributions across treatments. 25 The 13 connected lab treatments displayed in Fig. 5 plus the local experiment with 8 subjects. 26 OLS-regressions reveal a significant decay across treatments of between 2.1% and 3.7% (online Table C1 ). 27 In the regressions based on individual data, we control for gender, the laboratory, and the age of the subjects. For these regressions, the standard errors are clustered based on sessions; for the data based on group averages we report robust standard errors. indicated by smaller values of AIC and BIC. As an important example, Table 5 reports the results for the Tobit regression of the average contributions using the group averages as independent variables. The complete set of regressions can be found in online Appendix E. Among the 12 regressions we report in online Appendix E, model (8) is the one with the best fit in 8 of the regressions. It includes d and d 2 as explanatory variables. In one of the remaining regressions model (9) performs better, namely in the OLS and the Tobit regressions on first-round contributions using group averages. In this model, the term d 2 is replaced by the term measuring the distance of the MPCR-distance from 1/ N ( I d < 1/ N ) and by an interaction of this term with d . Note that the distance of d from 1/ N is equivalent to the distance of the MPCR from 2/ N. See the following section for details. In two cases models involving MPC yield the best fit. Models (10) and (12) perform best for the OLS and the Tobit regressions on first-round contributions using individual data. Notwithstanding, when the first-round contributions are explained by individual data, models (8) and (9) show that the coefficients of d and d 2 are highly significant.
In summary, the comprehensive econometric analysis shows that the MPCR-distance, in particular when combined with d 2 , has a high explanatory power. Although our MPCR-distance hypothesis and the MPC model of Davis and Holt predict the same ordering of contributions 28 , the models using the MPCR-distance in most of the regressions outperform the model using MPC . We interpret this as strong evidence for our conjecture.
Discussion
Public good problems in the real world very often are problems concerning large groups. The question of whether the ability to cooperate depends on the size of a group has been a topic of research at least since Mancur Olson's famous book about the logic of collective action. However, Olson's argument has not systematically been analyzed yet.
In the first project we provide the first systematic analysis of what we refer to as the Olson hypothesis. Our experiments with groups of 60 and 100 subjects and very low MPCR s of 0.02 and 0.04 demonstrate two central results. First, the level of average contributions and the way it decays over the course of the experiment do not differ from those in small groups of 8 and a relatively high MPCR of 0.25. Therefore, we clearly find no support in our experiment for Olson's hypothesis that cooperation will break down if the individual impact on group welfare (which can be measured by the MPCR ) becomes very small.
Second, the positive MPCR -effect is rather strong, while the positive group-size effect is comparatively weak. These findings go along with the insight that an interaction between group size and MPCR seems to exist, otherwise the similarity in contributions between groups of 8 and an MPCR of 0.25 and a group of 100 and an MPCR of 0.04 cannot be explained. This interaction might be very important not only for understanding the behavior in public good settings in the lab, but also in reality, and it therefore deserves closer inspection.
Large groups can only be expected to cooperate if the attention of all members is drawn to the fact that each person acting cooperatively is to everyone's advantage. In laboratory experiments, the salience of the advantages of cooperation depends on the information provided to subjects regarding the public good, i.e. the payoff function's parameters. Based on the findings from our first projects, we propose the difference between the actual MPCR and 1/ N (the MPCR -distance d ) as a proxy for this salience. Note that each public good experiment has to use a d out of the interval [0, 1] . If d = 0 , nobody benefits from contributions. For 0 < d < 1 the benefits for each group member increase; and for d ≥ 1 a social dilemma does not exist any more because it becomes individually rational to cooperate. Therefore, d gives a clear indication for the positive effect of cooperation. For this reason, we use d as a proxy for salience. We further conjecture that the effect of d on cooperation is non-linear, but decreases with d . If the MPCR-distance is large enough, the mutual benefit of cooperation can be assumed as being perceived salient by the group members. Therefore, a further increase in salience would affect contributions only slightly -if at all.
In the second project we test our conjecture based on a second series of experiments. We also compare it with the MPC and the marginal social benefit hypotheses introduced by Davis and Holt (1993) and Isaac et al. (1994) . The regression analyses support our explanation of the interaction between N and the MPCR . Although the MPC hypothesis also has its merits, our results show that the MPCR -distance performs better with respect to overall contribution levels and, moreover, is compatible with the observations made by Isaac et al. (1994) and Diederich et al. (2016) .
One open question is what is meant by the statement the MPCR-distance is 'large enough' such that a further increase in d would not affect contributions any more. To answer this question, we rewrite the definition of d as follows:
The numerator of this term is the net group benefit from a contribution to the public good. 29 This net benefit has to be larger than 0 in order to create a public good problem.
One might argue that there exists some level of the MPCR -distance d at which the information that cooperation is mutually advantageous is almost common knowledge among group members. In that case, a further increase in d and, thus, in salience may affect contributions only slightly. A natural prerequisite for this would be that the net benefit should be at least as high as the private benefit from not contributing to the public good. This implies that the net benefit should be at least 1 and therefore d = 1/ N . This implies that the salience-critical MPCR is 2/ N . The minimal MPCR of 1/ N and the salience-critical MPCR of 2/ N are the boundaries between which the ( N, MPCR ) combinations are such that a social dilemma exists. But the dilemma is not very salient, because the net group benefit of a contribution is smaller than the individual profit resulting from an investment in the private asset. Thus, variations of d between 1/ N and 2/ N should have a rather strong impact on contributions while variations above 2/ N should have a less pronounced impact. Unfortunately, the design of our experiments does not allow this additional conjecture to be tested. So we have to leave testing this conjecture for further research.
However, even without the additional conjecture concerning the salience-critical MPCR-distance, our results have an important implication for the experimental investigation of public good situations. They demonstrate that the behavioral dynamics are the same in small groups with a high MPCR and in large groups with a low MPCR . Thus, small groups seem to be well suited to cover essential characteristics of public goods in a laboratory situation. For this reason, our theory should also be applicable to experiments with small groups. Fig. 7 shows that this actually is the case. Fig. 7 exhibits the average MPCR/ group-size combinations as well as the respective average contribution levels observed in previous small group experiments. These observations are plotted against the 1/ N curve. Fig. 7 suggests the correlation between average contribution levels and MPCR to be strong in the neighborhood of the 1/ N curve, but becomes weak or non-existent if the vertical distance to this curve is larger. For example, for a group of ten and a MPCR of 0.3 the average contribution reported in the literature is about 30%. For the same group size and a slightly higher MPCR of 0.375 the reported average contribution increases to 54%, while a further doubling of the MPCR has no additional effect in three out of the four reported cases (and in the fourth case the effect is also not significant).
Our explanation of behavior in public good experiments implies that the salience of the social dilemma is of great importance for the investigation of real public good problems. For example, in the case of environmental problems it would be important that, first, people know that their own cooperative contribution is efficiency enhancing and that, second, they are convinced that the social dilemma situation and the mutual benefit of contributions is common knowledge for all the people in the group.
Let us finish our paper with an -admittedly speculative -example on how our notion of salience might relate to reality and on the impact the salience of cooperation advantages could have. The example concerns climate change. The decisive factor probably is how well people are informed about the causes and consequences of greenhouse gas emissions. This in turn will depend on how intensively this issue is dealt with in the media and in the political debate. Germany is a good example for climate-policy relevant topics being frequently discussed in the media. We would interpret this as attracting the German population's attention to the benefits of climate protection making the topic very salient. This example indicates 29 One Euro invested in the public asset results in a total payment to the group of N * MPCR . The opportunity cost of this investment is 1. The 1/ N -curve represents, for each group size, the minimum MPCR required to create a public good situation. The dots exhibit average contributions found in the literature for different combinations of MPCR and N . Numbers in parenthesis correspond to the following references: (1) and (2) , (3) Isaac et al. (1988) , (4) Isaac et al. (1994) , (5) and (6) Goeree et al. (2002) , (7) Carpenter (2007) , and (8) Nosenzo et al. (2015) .
that links to phenomena in reality exist that may be supportive to the salience hypothesis developed in this paper. Further research would, however, be needed to show the correctness of our interpretation.
because cooperation is not rational independent of the group size. To model what Olson has described as typical for small groups, one would either have to use a different payoff function (which creates an interior solution), or introduce strong heterogeneity between players, or allow social interaction, for example by allowing players to communicate with each other, leading to reputation effects. Experimental VCM research has focused, with a few exceptions, on the behavior of small groups (usually with 4-6 members) and relatively high MPCR values ranging from 0.25 to 0.7. Some of the important results obtained can be summarized as follows: The Nash equilibrium (pure free riding behavior of all players) is not observed. Nevertheless, the efficiency losses are substantial ( > 70%) especially because the contributions to the public good decrease when the experiment is repeated. Communication among subjects increases cooperation. Brosig et al. (2006) show that it is above all face-to-face communication that enables considerable cooperation.
These experimental results could be interpreted as a confirmation of Olson's theory on cooperation in small groups. As long as a group is relatively small, there are mechanisms that at least potentially ensure that cooperation takes place, even if it is too small to generate efficiency. The strong effect of face-to-face communication also corresponds to what Olson said about small groups. In keeping with Olson's intentions, the cooperation problem is thus relaxed for small groups. In fact, anonymous experiments using the VCM do not adequately reflect the cooperation problem of small groups. In reality, the members of small groups facing a cooperation problem normally do not act anonymously. They communicate with each other (mostly face-to-face) and develop social incentives or follow social norms. Some of the experience that people gain in real small groups is obviously also effective in experiments under anonymous conditions and generates a low degree of cooperation.
The VCM is much more appropriate for describing the cooperation problem of large groups. Face-to-face communication and direct social interaction play no role here. Olson's central argument is that in large groups not only the mechanisms that can support cooperation are missing, but also the MPCR , the individual contribution that the individual group member can make, becomes smaller and finally is no longer perceptible to the other group members. One could also formulate it this way: The larger the group (and the smaller the MPCR ), the better the VCM depicts the situation described by Olson and the more likely it may be to observe the Nash equilibrium in an experiment.
Practice rounds : Before starting the experiment, you have the opportunity to decide in three practice rounds. In these practice rounds, the average contribution of all other group members will be given since it is randomly generated. Furthermore, your own contribution will be preset, too. Your task is to calculate the earnings in the respective round yourself. To that end, we will provide you with a calculator, paper, and pencil. After entering your solution into the respective box, please click on the "Solution" button. You then will be informed whether your answer is right or wrong. The calculation method will also be shown. If you have any questions during the practice rounds, please raise your hand. Once the practice rounds are over, the experiment will immediately start automatically.
Payoff: Please stay in your cubicle after all 10 rounds have ended. You will be called individually to receive your payoff. Please hand in your participation number (which you drew at the beginning of the experiment) and enter your name and signature in the payment list. Please leave the laboratory after receiving your money.
Finally, we would like to ask you to not talk to anybody about the content of this experiment to avoid influencing future participants. Thank you for your cooperation!
